Primary effusion lymphoma (PEL) is a rare non-Hodgkin's lymphoma of B-cell origin, in which tumour cells contain deoxyribonucleic acid (DNA) sequences of a new herpes virus known as Kaposi's sarcoma (KS)-associated herpes virus or human herpes virus-8 (HHV-8) [1] . The disease has been predominantly described in homosexual and bisexual men with advanced human immunodeficiency virus (HIV) infection, but rarely in HIV-negative individuals, in Europe and in the USA [1±4] . Peculiar features of PEL include: 1) a propensity to proliferate in the fluids of body cavities with infiltration of the serosal linings, usually in the absence of tumour mass(es) and/or lymph node involvement; 2) large-cell morphology with null immunophenotype; and 3) a B-cell genotype. Recent studies indicate that the normal counterpart of PEL tumour cells is the mature B-cell, of preplasma cell nature [5] .
In addition to occurring in PEL, HHV-8 DNA sequences are found in multicentric Castleman's disease and KS [6] , which, before the acquired immune deficiency syndrome (AIDS) epidemic, typically affected the elderly. Although viral sequences can be recovered from the peripheral blood mononuclear cells of healthy blood donors [7] , serological studies have shown that HHV-8 infection is not ubiquitous in most populations [8] . In Italy, however, HHV-8 seroprevalence and incidence of classic KS are higher, as compared to those recorded in the USA and other Northern European countries [8±10].
We describe two elderly Italian HIV-negative patients with HHV-8-positive pleural PEL, and review the few recent reports of non-AIDS-related HHV-8-positive PEL. Our study suggests a possible relationship between immunosenescence and the development of non-AIDS PEL. Its frequency is probably underestimated, at least in Italy, a geographical area at high risk for KS, and thus conceivably also for PEL.
Methods

Patients
Two elderly HIV-negative individuals developing nonBurkitt's lymphomatous effusions in the absence of extranodal or node-based lymphoma were identified among 3,418 with serous effusions examined at the Dept of Pathology of the Policlinico Hospital (Rome, Italy) between January 1991 and December 1997.
Samples
Aliquots of pleural fluids were received following diagnostic thoracentesis, and cell pellets were examined using Papanicolaou and May-Gru Ènwald Giemsa-stained cytospins. Cells recovered from patient 1 were cryopreserved in 10% dimethyl sulphoxide/20% foetal calf serum in minimal essential medium.
Immunophenotypic characterization
The immunophenotypic profile of the cell populations was determined by means of immunoperoxidase-staining of acetone-fixed cytospins using a labelled streptavidin/biotin method and monoclonal antibodies directed against CD5, CD15, CD19, CD20, CD22, CD45, CD45R0, CD68, CD30 (Ki-1), epithelial membrane antigen (EMA), vimentin and cytokeratin (clone CKMNF116). All reagents were supplied by Dako (Glostrup, Denmark), except CD22 and anti-CD15 (BectonDickinson, San Jose, CA, USA). Flow cytometry, a more desirable means of determining immunophenotype in suspected lymphomas, was not performed because of the scarcity of the specimens.
Molecular studies
Genomic DNA was extracted from cryopreserved cell suspension in patient 1, and from alcohol-fixed cells of previously Papanicolaou-stained slides in patient 2, since only a limited amount of cells was obtained from the pleural fluid in this patient. Polymerase chain reaction (PCR) to detect HHV-8 DNA sequences was performed using the primers and conditions described elsewhere [11] . PCR experiments for HHV-8 detection included the coamplification of DNA extracted from a HHV-8-positive KS biopsy as positive control. In addition, in order to assess the integrity of the DNA, a 215-base pair (bp) fragment of the noncoding 5' region of the Bcl-6 gene was coamplified using the primers 5'-AGGAAGGAG-GGGAATTAG-3' and 5'-AAGCAGTTTGCAAGCGAG-3'. PCR analysis of Epstein-Barr virus (EBV) DNA sequences was performed using primers representative of the EpsteinBarr virus-associated nuclear antigen-2 region [12] . In case 1, the genomic configurations of the immunoglobulin heavy chain (IgH), c-myc, Bcl±2 and Bcl±6 genes were investigated by means of Southern blot analysis using the probes and experimental conditions reported elsewhere [13, 14] . In case 2, the IgH gene configuration was analysed via PCR amplification using the following primers: FR3A (5'-ACACGGCCGTG-TATTACTGT-3'), LJH (5'-TGAGGAGACGGTGACC-3'), and VLJH (5'-GTGACCAGGGTACCTTGGCCCCAG-3'). , haemoglobin concentration 10 g . 100 mL -1 , white blood cell count 7.9610 3 cells . mL -1 (CD4+ count was not performed), erythrocyte sedimen-tation rate (ESR) 70 mm . h , iron concentration 18 mg . dL -1 , c-globulin concentration 1.8 g . dL -1 (26%, normal range 9.0±18.0%), and serum lactate dehydrogenase (LDH) activity 239 IU .
Results
Report of two cases
). A total body computed tomography (CT) scan revealed loss of volume of the left hemithorax in comparison to the normal right side, and a mediastinal shift toward the affected side. There was also slight pleural thickening, and a moderate amount of basal pleural effusion. Cytological examination of the pleural fluid showed a malignant lymphoma ( fig. 1 ). Pleural fluid LDH activity was 2,602 IU . L -1 (pleural fluid LDH/serum LDH=10, normal ratio #0.6). The patient was lost to follow-up. Both patients were Italian-born (birthplaces: Puglia region, Southern Italy (case 1); and Lazio region, Central Italy (case 2). Patient 1 had lived in Puglia (Foggia province) during his whole life, whereas patient 2 had lived in Sardinia for many years, and then in Lazio (Rome). They were both seronegative for HIV and hepatitis B and C virus. Cultures of pleural fluids for aerobic, anaerobic, mycobacterial and fungal organisms yielded negative results. There was no evidence of lymphoadenopathy or tissue-based lymphoma based on CT scan findings. Neither of them had a history of previous or concomitant KS.
Morphology and immunophenotype
Cytological examination in both cases showed a population of medium-to-large-sized lymphoid cells intermixed with small lymphocytes, macrophages, neutrophils, eosinophils and rare mesothelial cells ( fig. 1 ). Tumour cells had centrally or peripherally located irregular nuclei, prominent nucleoli and abundant deep basophilic cytoplasm. Bi-and multinucleate cells and very large cells with multilobate nuclei were common. Nuclear fragmentation, apoptosis and numerous mitotic figures were additional findings. Tumour cells were CD45-positive or negative, B-cell-associated antigen (CD20, CD19, CD22)-, T-cell-associated antigen (CD5, CD45R0)-, cytokeratin-, CD68-, and CD15-negative and EMA (focal)-and CD30 (focal)-positive. In case 1, a few lymphoma cells were vimentin-positive. Small lymphocytes were mostly T-cells (CD5+/CD45R0+); other reactive cells were macrophages (CD68+) and mesothelial cells (cytokeratin-positive).
Molecular findings
The HHV-8 DNA sequences were detected in DNA extracts from lymphoma cells in both cases ( fig. 2) . Clonal rearrangement of the IgH gene was detected in both cases. Owing to the small amount of available tumour cell DNA, Non-AIDS PELs share several features with the more common AIDS-associated PELs, such as large-cell morphology, null immunophenotype, clonal IgH gene rearrangements, the presence of KS and lack of c-myc rearrangements. Distinguishing features consist of an older age on presentation, apparent host immunocompetence, infrequent EBV coinfection and an apparently less aggressive clinical course.
In our cases, the lymphomatous nature of the pleural effusion was an unexpected finding. Patients had no evidence of node-based or extranodal lymphoma, and fluid accumulation occurred in the course of other diseases. Laboratory abnormalities, including anaemia, moderate iron deficiency, a high ESR, hypergammaglobulinaemia and elevated serum/ pleural fluid LDH activities, were inconclusive. Relevant radiological findings included modest serosal thickening unaccompanied by pulmonary infiltrates and effusions. The diagnosis of PEL was initially suspected on the basis of the morphology (large cell) and immunophenotypic features of the pleural fluid population (CD45+, B-cell-associated antigennegative-/T-cell-associated antigen-negative), and the absence of a nodal or extranodal lymphoma other than in the pleural cavity. A final diagnosis of HHV-8-associated PEL was established following molecular evidence of B-cell clonality and HHV-8 infection in tumour cells.
The risk of developing PEL is possibly linked to decreased immunological surveillance, as suggested by its high frequency in AIDS individuals [1] . In the apparently immunocompetent host, the mechanisms underlying PEL development are less clear. However, the occurrence of PEL in elderly individuals (see table 1 and the present cases) suggests that a certain degree of immunodepression and/or immunodyeregulation may also be present in these cases. Ageing is notoriously associated with low T-cell immunoresponsiveness and a normal/increased humoral response, probably resulting from an imbalance in cytokine production [15] . The frequent concomitance of other diseases (second primary malignancies or cardiac failure/systemic hypertension) observed in our cases and in previously reported subjects with non-AIDS PEL [1] , as well as in patients with classic KS [9] , suggests an additional potential risk factor. Thus, underlying chronic disorders and age-related immunosenescence [15] represent the background against which non-AIDS PEL development may occur, possibly through HHV-8-mediated cytokine dysregulation in HHV-8 infected individuals [16] .
It should be pointed out that our PELs showed epidemiological analogies with KS, another HHV-8-associated disease [17, 18] . The birthplace and area of residence of our patients (South/central Italy and Sardinia) are considered as risk indicators for KS [17] . Moreover, the history of malaria in case 1 is in keeping with the fact that in places in which KS is endemic, malaria is common [18] . Both HHV-8 seroprevalence and the incidence of classic KS (1 per 100,000 males) are higher in Italy than in other Western countries [8, 9] , particularly in Southern Italy [10] . Thus, it is conceivable that a sizeable proportion of healthy Italian adults are latently infected with HHV-8, and that the frequency of non-AIDS PEL (probably currently underestimated) might approximate to that of classic KS. Individuals of Southern/Eastern European ancestry [18] might also be at high risk.
Since the diagnosis of primary effusion lymphoma is based on the detection of human herpes virus-8 deoxyribonucleic acid (its genetic hallmark) besides the demonstration of clonal immunoglobulin heavy chain gene rearrangements, the application of diagnostic molecular techniques to body cavitybased lymphomatous effusions is recommended. The development of reliable serological assays for human herpes virus-8 antibodies will probably contribute to the identification of those subjects with past exposure to the virus, who may be at risk for human herpes virus-8 related diseases, including primary effusion lymphoma.
Addendum
Subsequent to the submission of the manuscript, two additional cases of human herpes virus-8-associated lymphomatous effusion in elderly human immunodeficiency virusnegative males have been reported (Okada T, Katano H, Tsutsumi H, et al. Body-cavity-based lymphoma in an elderly AIDS-unrelated male. Int J Hematol 1998; 67: 417±422. San Miguel P, Manzanal A, Garci Gonzalez G, Bellas C. Association of body cavity-based lymphoma and human herpesvirus 8 in an HIV-seronegative male. Report of a case with immunocytochemical and molecular studies. Acta Cytol 1999; 43: 299±302).
